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(57) To provide an infrared-shielding body sufficient- 
ly transmitting visible rays, having no half-mirror shaped 
appearance, requiring no large-scale apparatus when 
forming a film on a substrate, efficiently shutting invisible 
near-infrared rays with wavelength range of 780nm or 
more, while eliminating a heat treatment at high temper- 
ature after film formation, and having a spectral charac- 
teristic such as transparency with no change of color 
tone. The starting material, which is a mixture containing 
a predetermined amount of a tungsten compound, is 
heated at 550°C in a reductive atmosphere for 1 hour, 
then cooled to room temperature once in an argon at- 
mosphere, thus producing powder of W 1Q 0 49 . Then, the 
powder, the solvent, and the dispersant are mixed, then 
subjected to dispersion treatment to obtain a dispersion 
solution. The dispersion solution and a UV-curable hard- 
coat resin are mixed to obtain a solution of fine particle 
dispersion of infrared-shielding material. The solution of 
the fine particle dispersion of infrared-shielding material 
is applied on a PET resin film to form a film, which is then 
cured, and an infrared-shielding film having a transmis- 
sion profile shown in the figure is thereby obtained. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a fine particle 
dispersion of infrared-shielding material with fine parti- 
cles of an oxide material which is transparent in a visible 
region and having an absorption in a near-infrared- 
shielding region dispersed in a medium, an infrared 
shielding-body produced by the fine particle dispersion 
of infrared-shielding material, a production method of fine 
particles of infrared-shielding material used for the fine 
particle dispersion of infrared-shielding material, and fine 
particles of infrared-shielding material produced by the 
production method of fine particles of infrared-shielding 
material. Specifically, the present invention relates to the 
fine particle dispersion of infrared-shielding material 
formed by dispersing the fine particles of infrared shield- 
ing material containing fine particles of tungsten oxides 
and/or tungsten oxide composite in the medium. 

BACKGROUND ART 

[0002] Patent document 1 proposes a light shielding 
film used for a window material or the like, containing a 
black pigment including an inorganic pigment such as 
carbon black and titanium black having absorption in a 
region from visible light to near-infrared light, and an or- 
ganic pigment such as aniline black having strong ab- 
sorption only in a visible light region. Patent document 2 
proposes a half-mirror type light shielding member, which 
is vapor-deposited with metal such as aluminium. 
[0003] Patent document 3 proposes a heat ray cut-off 
glass suitably used at a position requiring high visible ray 
transmission, having an excellent heat ray cut-off per- 
formance, in which a multiple tungsten oxide film as a 
first layer is provided incorporating at least one kind metal 
element selected from the group consisting of group Ilia, 
Iva, Vb, Vib, and Vllb in periodic table, from a substrate 
side on a transparent glass substrate, and a transparent 
dielectric film as a second layer on the first layer, and the 
refractive index of the transparent dielectric film of the 
second layer is made to be lowerthan the refractive index 
of the multiple tungsten oxide film of the first layer or the 
third layer. 

[0004] In the same method as that of the patent doc- 
ument 3, patent document 4 proposes the heat ray cut- 
off glass by laminating the first dielectric film on the glass 
substrate as the first layer from the substrate side, the 
tungsten oxide film thereon as the second layer and the 
second dielectric film further thereon as the third layer. 
[0005] In the same way as the patent document 3, pat- 
ent document 5 proposes the heat ray cut-off glass by 
laminating the tungsten oxide composite film containing 
the same metal element as the first layer from the sub- 
strate side, and laminating the transparent dielectric film 
on the first layer as the second layer. 
[0006] Patent document 6 proposes a coated glass 



2 

sheet for controlling solar light having a solar light-shield- 
ing characteristic. This glass sheet is formed by coating 
a film of a metal oxide by a CVD method or a spraying 
method and subjecting the film to thermal decomposition 

s at about 250°C. The metal oxide is at least selected from 
the group consisting of tungsten trioxide (W0 3 ) , molyb- 
denum trioxide (Mo0 3 ), niobium pentaoxide (Nb 2 0 5 ), 
tantalum pentaoxide (Ta 2 0 5 ), vanadium pentaoxide 
(V 2 0 5 ) and vanadium dioxide (V0 2 ) containing additives 

10 such as hydrogen, lithium, sodium and potassium. 

[0007] Patent document 7 proposes a photochromic, 
heat-insulative material that can undergo rapid colora- 
tion/decoloration processes upon exposure to the sun- 
light and that, when colored, has an absorption peak at 

15 1250 nm and can thus shield the sunlight in the near- 
infrared region. This material uses a tungsten oxide ob- 
tained by hydrolysis of tungsten acid. A specific organic 
polymer called polyvinylpyrrolidone is added to the tung- 
sten oxide. When the material is exposed to the sunlight, 

20 UV-rays contained in the sunlight are absorbed by the 
tungsten oxide. This results in the generation of excited 
electrons and holes. As a result, a small dose of UV ir- 
radiation can cause the generation of a significant 
amount of tungsten with a valency of 5, which accelerates 

25 the coloring of the material. As the color density of the 
material increases, the material shields a significant pro- 
portion of the sunlight, and the tungsten with a valency 
of 5 is immediately oxidized to a valency of 6. This in turn 
causes rapid fading of the color of the material. 

30 [0008] The present inventors in Patent document 8 
propose a way to obtain tungsten trioxide, a hydrate or 
a mixture thereof. Specifically, tungsten hexachloride is 
dissolved in an alcohol. A desired product is given by 
evaporating the solvent from the mixture, or first refluxing 

35 the mixture and then evaporating the solvent, followed 
by heating the residue at 100°C to 500°C. The present 
inventors also propose that fine particles of such a tung- 
sten oxide can be used to fabricate an electrochromic 
element to form a multi-layer laminate, and when intro- 

40 ducing protons in the film, optical characteristics of the 
film can be changed. 

[0009] Patent document 9 proposes a method for pro- 
ducing various tungsten bronzes as expressed by the 
formula: M x W0 3 (where M is a metal element, such as 

45 an alkali metal, alkaline earth metal or rare earth metal; 
satisfying 0 < x < 1). This method uses an ammonium 
meta tungstate and various water-soluble metal salts as 
starting materials and involves heating an aqueous so- 
lution of the reactants at about 300 to 700°C, drying the 

50 aqueous mixture to obtain a solid product, and supplying 
a gaseous hydrogen containing an inert gas (in an 
amount of approx. 50 vol% or more) or water vapor (in 
an amount of approx. 1 5 vol% or less) to the solid mate- 
rial. 

55 

[Patent document 1] Japanese Patent Laid-Open 
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Publication No. Hei 9-107815 

[Patent document 3] Japanese Patent Laid-Open 

Publication No. Hei 8-59300 

[Patent document 4] Japanese Patent Laid-Open 

Publication No. Hei 8-123'78 

[Patent document 5] Japanese Patent Laid-Open 

Publication No. Hei 8-283044 

[Patent document 6] Japanese Patent Laid-Open 

Publication No. 2000-1 19045 

[Patent document 7] Japanese Patent Laid-Open 

Publication No. Hei 9-127559 

[Patent document 8] Japanese Patent Laid-Open 
Publication No. 2003-121884 
[Patent document 9] Japanese Patent Laid-Open 
Publication No. Hei 8-73223 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0010] The black pigment described in Patent docu- 
ment 1 has an absorption peak in the visible region. Thus, 
when the pigment is used in a window material or the 
like, the window material tends to have dark colors, and 
therefore the application is limited. 
[001 1 ] The window material orthe like comprising met- 
al-deposited film described in Patent document 2 is in a 
half-mirror state in appearance. Therefore, when used 
outside, such a half -mirror tends to glare due to reflection, 
posing a problem visually. 

[001 2] The heat ray cut-off materials described in pat- 
ent documents 3 to 5 are produced mainly by a dry meth- 
od using a vacuum deposition method, such as sputter- 
ing, vapor deposition, ion-plating and chemical vapor 
deposition (CVD). These production methods require a 
large scale apparatus and thus a cost is increased. Also, 
the substrates used for these heat ray cut-off materials 
are exposed to high temperature plasma and may require 
heating after film deposition. Thus, when resin materials 
such as resin films are used as the substrates, facilities 
and conditions for film deposition must be carefully con- 
sidered. Furthermore, the tungsten oxide film orthe tung- 
sten oxide composite film shown in the aforementioned 
documents exhibits functions only when such films are 
formed in multi-layered film with other transparent die- 
lectric film. From this point of view, the present invention 
is significantly distinguishable from the aforementioned 
documents. 

[0013] The coated glass sheetforcontrolling solar light 
described in the patent document 6 has a coating film 
formed by depositing the required material on a glass 
substrate by using a CVD method or a splaying method 
in conjunction with thermal deposition. This glass sheet 
requires costly precursor materials and involves thermal 
decomposition at high temperatures. For this reason, 
when resin materials such as resin films are used as the 
substrates, conditions for film deposition must be care- 
fully considered. Also, the glass sheet must include two 



or more layers and, therefore, the document 6 essentially 
differs from the present invention. 
[0014] The solar-light variable light controllable ther- 
mally insulating material and the electrochromic ele- 

5 ments described in patent documents 7 and 8 are mate- 
rials for changing color tones thereof by UV radiation and 
a difference in electrical potential. Therefore, a film struc- 
ture is complicated, and it is difficult to be used in an 
application field where change in color tones is not de- 

10 sired. 

[0015] Patent document 9, although the production 
method of tungsten bronze is described therein, men- 
tions nothing about the particle diameter or optical char- 
acteristics of the resultant powder. This is perhaps be- 
15 cause the tungsten bronze is intended for use as a ma- 
terial for electrodes used in various electrolysis devices 
or fuel cells or as a material for the catalysts used in 
organic synthesis, but are not intended for the solar light 
cut-off purposes as in the present invention. 

20 [0016] In order to solve the aforementioned problem, 
the present invention is provided. An object of the present 
invention is to provide a fine particle dispersion of infra- 
red-shielding material, an infrared-shielding body which 
sufficiently transmits a visible light, without having a half 

25 mirror appearance, without requiring a large-scale pro- 
duction apparatus during deposition on a substrate, ca- 
pable of eliminating a heat treatment at high temperature 
during deposition, efficiently shielding an invisible near- 
infrared region of 780 nm or longer wavelengths, with no 

30 change in color tone, and a production method of the fine 
particles of infrared-shielding material, and a fine parti- 
cles of infrared-shielding material thus produced by the 
production method of the infrared-material fine particles. 

35 MEANS FOR SOLVING THE PROBLEM 

[0017] It is generally known that materials containing 
free electrons, through the phenomenon called plasma 
oscillations, reflect and absorb electromagnetic waves in 

4 <> a wavelength region from 200 nm to 2600 nm, that is, in 
the peripheral part of a sun beam spectrum. When a pow- 
der of such a material is made to be a fine particle smaller 
than the wavelength of light, it is known that high trans- 
parency in the visible region can be obtained due to the 

45 reduced geometric scattering in the visible region (380 
nm to 780 nm). Note that in this specification, the term 
"transparency" is used in the meaning that the material 
has high transmittance to the light in the visible region 
with little scattering. 

50 [0018] Meanwhile, it is known that the tungsten oxide 
expressed by W0 3 . x and the tungsten bronze added with 
a positive element such as Na to tungsten trioxide are 
conductive materials. According to the analyses of a sin- 
gle crystal of these materials, it is suggested that the free 

55 electrons respond to light in the infrared region. 

[0019] The present inventors have conceived that the 
amount of free electrons present in the infrared-shielding 
material containing fine particles of the tungsten oxide or 
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the tungsten oxide composite can be increased and, if a 
particle diameter is set to be from 1 nm to 800 nm, they 
can function as the infrared-shielding material. The 
present inventors also have found that, unlike the films 
fabricated by a dry method including vacuum deposition, 
such as sputtering, vapor deposition, ion-plating and 
chemical vapor deposition (CVD) or the film made by 
CVD and spraying, the film obtained by dispersing the 
fine particles of the infrared-shielding material in a suit- 
able medium can effectively absorb the sunbeam, par- 
ticularly in a near-infrared region, without relying on the 
interference of light and can transmit light in the visible 
region. These findings ultimately led to the present in- 
vention. 

[0020] Accordingly, the present invention takes sever- 
al aspects as follows. 

[0021] In a first aspect, a fine particle dispersion of in- 
frared-shielding material is provided, which is formed by 
dispersing fine particles of infrared-shielding material in 
a medium, comprising tungsten oxide fine particles 
and/or tungsten oxide composite fine particles, wherein 
a particle diameter of the fine particles of infrared-shield- 
ing material is not less than 1 nm and not more than 800 
nm. 

[0022] In a second aspect, the fine particle dispersion 
of infrared-shielding material according to the first aspect 
is provided, wherein the tungsten oxide fine particle is 
the fine particle of a tungsten oxide expressed by a gen- 
eral formula: WyOz (where W is tungsten, O is oxygen, 
satisfying 2.2 < z/y < 2.999). 

[0023] In a third aspect, the fine particle dispersion of 
infrared-shielding material according to the first aspect 
is provided, wherein the tungsten oxide composite is fine 
particles of the tungsten oxide composite expressed by 
the general formula: MxWyOz (where M is at least one 
element selected from the group consisting of H, He, al- 
kali metal, alkaline earth metal, rare earth element, Mg, 
Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, 
Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, 
Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and I, W is 
tungsten, O is oxygen, satisfying 0.001 < x/y < 1 ; and 2.2 
< z/y < 3.0.). 

[0024] In a fourth aspect, the fine particle dispersion 
of infrared-shielding material according to any one of the 
first aspect to third aspect is provided, wherein the tung- 
sten oxide fine particles and/or the tungsten oxide com- 
posite fine particles comprise a Magneli phase expressed 
by the general formula: WyOz (where W is tungsten, O 
is oxygen, satisfying 2.45 < z/y < 2.999). 
[0025] In a fifth aspect, the fine particle dispersion of 
infrared-shielding material according to the third aspect 
is provided, wherein the fine particle of the tungsten oxide 
composite expressed by the general formula MxWyOz 
comprises at least more than one kind of fine particle of 
hexagonal, tetragonal, cubic crystal structure or amor- 
phous structure. 

[0026] In a sixth aspect, the fine particle dispersion of 
infrared-shielding material according to the third aspect 



is provided, wherein some of the fine particles of the tung- 
sten oxide composite expressed by the general formula 
MxWyOz or all of them have a hexagonal crystal struc- 
ture. 

5 [0027] In a seventh aspect, the fine particle dispersion 
of infrared-shielding material according to the third as- 
pect is provided, wherein the element M is more than one 
kind of element selected from the group consisting of Cs, 
Rb, K, Tl, In, Ba, Li, Ca, Sr, Fe and Sn. 

10 [0028] In an eighth aspect, the fine particle dispersion 
of infrared-shielding material according to any one of the 
first aspect to seventh aspect is provided, wherein the 
fine particles of infrared-shielding material are coated 
with oxide containing more than one kind of element se- 

15 lected from the group consisting of Si, Ti, Zr and Al. 
[0029] In a ninth aspect, the fine particle dispersion of 
infrared-shielding material according to any one of the 
first aspect to eighth aspect is provided, wherein the me : 
dium is resin or glass. 

20 [0030] In a tenth aspect, the fine particle dispersion of 
infrared-shielding material according to the ninth aspect 
is provided, wherein the resin is more than one kind of 
element selected from the group consisting of polyethyl- 
ene resin, polyvinyl chloride resin, polyvinylidene chlo- 

25 ride resin, polyvinyl alcohol resin, polystyrene resin, poly- 
propylene resin, ethylene-vinyl acetate copolymer, poly- 
ester resin, polyethylene terephthalate resin, fluorine res- 
in, polycarbonate resin, acrylic resin and polyvinyl butyral 
resin. 

30 [0031] In an eleventh aspect, an infrared-shielding 
body is provided, wherein the fine particle dispersion of 
infrared-shielding material according to any one of the 
first aspect to tenth aspect is formed in a plate shape, in 
a film shape, and in a thin film shape. 

35 [0032] In a twelfth aspect, a production method of fine 
particles of infrared-shielding material is provided, con- 
taining tungsten oxide fine particles expressed by a gen- 
eral formula: WyOz (where W is tungsten, O is oxygen, 
satisfying 2.2 < z/y < 2.999) and/or tungsten oxide com- 

40 posite fine particles expressed by the general formula: 
MxWyOz (where M is at least one kind of element se- 
lected from the group consisting of H, He, alkali metal, 
alkaline earth metal, rare earth element, Mg, Zr, Cr, Mn, 
Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga, 

45 in, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, Te, Ti, Nb, 
V, Mo, Ta, Re, Be, Hf, Os, Bi and I, W is tungsten, O is 
oxygen, satisfying 0.001 < x/y < 1, and 2.2 < z/y < 3.O.), 
the method comprising the step of: 

50 heating a starting material of the fine particles of in- 
frared-shielding material in a reductive gas and/or 
inert gas atmosphere. 

[0033] In a thirteenth aspect, the production method 
55 of the fine particles of infrared-shielding material accord- 
ing to the twelfth aspect is provided, wherein a starting 
material of the fine particles of infrared-shielding material 
is heated at 1 00°C to 850°C in a reductive gas atmos- 
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phere and subsequently heated at 650°C to 1200°C in 
an inert gas atmosphere. 

[0034] In a fourteenth aspect, the production method 
of the fine particles of infrared-shielding material accord- 
ing to either of the twelfth aspect or the thirteenth aspect 
is provided, wherein the starting material of the tungsten 
oxide fine particle expressed by the general formula 
WyOz is more than one kind of powder selected from the 
group consisting of: 

a tungsten trioxide powder; 
a tungsten dioxide powder; 
a powder of tungsten oxide hydrate; 
a tungsten hexachloride powder; 
an ammonium tungstate powder; 
a powder of tungsten oxide hydrate obtained by dis- 
solving tungsten hexachloride in an alcohol and then 
drying the solution; 

a powder of tungsten oxide hydrate obtained by dis- 
solving tungsten hexachloride in an alcohol, adding 
water to the solution to form a precipitate, and drying 
the precipitate; 

a powder of tungsten compound obtained by drying 
an aqueous solution of ammonium tungstate; and 
a metal tungsten powder. 

[0035] In a fifteenth aspect, the production method of 
the fine particles of infrared-shielding material according 
to either of the twelfth aspect or the thirteenth aspect is 
provided, wherein the starting material of the fine parti- 
cles of the tungsten oxide composite expressed by the 
general formula: MxWyOz is a powder obtained by mix- 
ing a powder of the element M or a compound containing 
the element M with more than one kind of powder select- 
ed from the group consisting of: 

a tungsten trioxide powder; 
a tungsten dioxide powder; 
a powder of tungsten oxide hydrate; 
a tungsten hexachloride powder; 
an ammonium tungstate powder; 
a powder of tungsten oxide hydrate obtained by dis- 
solving tungsten hexachloride in an alcohol and then 
drying the solution; 

a powder of tungsten oxide hydrate obtained by dis- 
solving tungsten hexachloride in an alcohol, adding 
water to the solution to form a precipitate, and drying 
the precipitate; 

a powder of tungsten compound obtained by drying 
an aqueous solution of ammonium tungstate; and 
a metal tungsten powder. 

[0036] In a sixteenth aspect, the production method of 
the fine particles of infrared-shielding material according 
to either of the twelfth aspect or the thirteenth aspect is 
provided, wherein the starting material of the fine particle 
of the tungsten oxide composite expressed by the gen- 
eral formula MxWyOz is a powder obtained by mixing an 



alcohol solution of tungsten hexachloride or an aqueous 
solution of ammonium tungstate with a solution of a com- 
pound containing the element M, and drying the mixture. 
[0037] I n a seventeenth aspect, the production method 
5 of the fine particles of infrared-shielding material accord- 
ing to either of the twelfth aspect or the thirteenth aspect 
is provided, wherein the starting material of the fine par- 
ticles of the tungsten oxide composite expressed by the 
general formula MxWyOz is a powder obtained by: 

10 

mixing a dispersion solution obtained by dissolving 
tungsten hexachloride in alcohol and forming a pre- 
cipitate by adding water, with a single powder or a 
compound containing the element M, or a solution 
15 of the compound containing the element M, and 

thereafter drying a mixture thus obtained. 

[0038] In an eighteenth aspect, fine particles of infra- 
red-shielding material are provided, comprising tungsten 
20 oxide fine particles expressed by a general formula 
WyOz (where W is tungsten, O is oxygen, satisfying 2,2 

< z/y < 2.999) obtained by the method according to any 
one of the twelfth to the seventeenth aspects and/or the 
fine particles of tungsten oxide composite expressed by 

25 the general formula MxWyOz (where M is at least one 
element selected from the group consisting of H, He, al- 
kali metal, alkaline earth metal, rare earth element, Mg, 
Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, 
Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, 

30 Te, Tl, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and I, W is 
tungsten, O is oxygen, satisfying 0.001 < x/y < 1; and 2.2 

< z/y < 3.0.) obtained by the method according to any 
one of the twelfth to the seventeenth aspects. 

35 ADVANTAGE OF THE INVENTION 

[0039] According to the present invention, fine parti- 
cles of infrared-shielding material containing the tung- 
sten oxide fine particles and/or the tungsten oxide com- 

40 positefine particles are finely granulated to a particle size 
of not less than 1 nm and not more than 800nm. The fine 
particles of infrared-shielding material thus obtained is 
dispersed in a medium, and a fine particle dispersion of 
infrared-shielding material can be fabricated, having ex- 

45 cellent characteristics such as efficiently shielding the 
sunbeam, especially the light in the near-infrared region, 
while holding a transmittance to the visible region, com- 
pared to the film fabricated by a dry method including a 
vacuum deposition method such as a sputtering method, 

50 a vapor deposition, an ion- plating and a chemical vapor 
deposition (CVD), orthe film made by CVD and spraying. 
In addition, when producing the infrared-shielding body 
by using the fine particle dispersion of infrared-shielding 
material, an inexpensive infrared-shielding body can be 

55 produced without using a large-scale apparatus such as 
a vacuum apparatus, and an industrially useful infrared- 
shielding dispersion material is thereby obtained. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0040] In the fine particle dispersion of infrared-shield- 
ing material of the present invention, fine particles of in- 
frared-shielding material containing tungsten oxide fine 
particles and/or tungsten oxide composite fine particles 
are used. Each particle diameter of the fine particles of 
infrared-shielding material is not less than 1 nm and not 
more than 800nm, and fine particles are dispersed in a 
proper medium as will be described later. 
[0041] The fine particles of infrared-shielding material 
and the fine particle dispersion of infrared-shielding ma- 
terial will now be described in detail. 

1. Infrared-shielding material 

[0042] Generally, there are no effective free electrons 
in tungsten trioxide (W0 3 ), and therefore little absorption/ 
reflection characteristic is exhibited in a near-infrared re- 
gion. This makes tungsten trioxide unsuitable for use as 
an infrared-shielding material. It is known that free elec- 
trons are generated in a tungsten oxide if the ratio of 
oxygen to tungsten present in the tungsten trioxide is 
smaller than 3. The present inventors discovers that the 
tungsten oxide containing tungsten and oxygen in a cer- 
tain composition range is particularly suitable as the in- 
frared-shielding material. 

[0043] The ratio of oxygen to tungsten in a tungsten 
oxide is preferably equal to or smaller than 3. More spe- 
cifically, it is preferable that the tungsten oxide is ex- 
pressed by WyOz so as to satisfy 2.2 < z/y < 2.999. If the 
value of z/y is 2.2 or larger, an unexpected W0 2 is pre- 
vented from forming in the tungsten oxide, and at the 
same time, the chemical stability of the tungsten oxide 
can be ensured as a starting material. This makes the 
tungsten oxide an effective infrared-shielding material. If 
the value of z/y is 2.999 or smaller, then a required 
amount of free electrons is generated in the tungsten 
oxide, and an effective infrared shielding material is 
thereby obtained. 

[0044] Also, when the tungsten oxide fine particles, 
which are obtained by granulating the tungsten oxide to 
fine particles, are expressed by the general formula 
WyOz, a so-called "Magneli phase" having a composition 
ratio satisfying 2.45 < z/y < 2.999 is chemically stable 
and has an excellent absorption property in the near- 
infrared region, and therefore is preferable as the infra- 
red-shielding material. 

[0045] By adding an element M (M is more than one 
kind of element selected from the group consisting of Mg, 
Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, 
Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, 
Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and I) to the 
tungsten oxide, a tungsten oxide composite is obtained. 
Then, in the tungsten oxide composite thus obtained, free 
electrons are generated, and an absorption property, 
which results from the free electrons, is exhibited. This 
makes the tungsten oxide composite effective as a near- 



infrared absorption material in the wavelength region of 
1 0OOnm or around. In view of the stability in the tungsten 
oxide composite, however, it is further preferable that the 
element M is more than one kind of element selected 
5 from the group consisting of Mg, Zr, Cr, Mn, Fe, Ru, Co, 
Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga, In, Tl, Si, 
Ge, Sn, Pb, Sb, B, F, P, S, Se, Br, Te, Ti, Nb, V, Mo, Ta, 
Re, Be, Hf, Os, Bi and I. Also, from the viewpoint of im- 
proving an optical characteristic and a weather charac- 
io teristic as the infrared-shielding material, it is further pref- 
erable that the element M is selected from the group con- 
sisting of alkali metal, alkaline earth metal, transitional 
metal, and group 4B and group 5B elements. 
[0046] By controlling an amount of oxygen and adding 

15 the element to generate the free electrons at the same 
time for the tungsten oxide composite, even more effec- 
tive infrared-shielding materials can be obtained. When 
control of the amount of oxygen and adding the element 
to generate the free electrons are conducted at the same 

20 time, it is preferable that the infrared-shielding material 
is expressed by the general formula MxWyOz (where M 
is the above-described element M, W is tungsten, and O 
is oxygen), satisfying 0.001 < x/y < 1 ; and 2.2 < z/y < 3.0. 
[0047] First, a value of x/y showing an amount of the 

25 element M to be added will be explained. When the value 
of the x/y is larger than 0.001 , a sufficient amount of free 
electrons are generated, and by a greater amount of el- 
ement M to be added, a supply amount of the free elec- 
trons is increased, thereby also increasing infrared- 

30 shielding effect, while the infrared-shielding effect is sat- 
urated at the x/y value of about 1. When the value of x/y 
is smaller than 1, preferably an impurity phase is pre- 
vented from generating in the infrared-shielding material. 
Also, it is preferable that the element M is more than one 

35 kind of element selected from the group consisting of H, 
He, alkali metal, alkaline earth metal, rare earth metal, 
Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, 
Zn, Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, 
Br, Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and I. From 

40 the viewpoint of stability in the MxWyOz added with the 
element M, it is further preferable that the element M is 
more than one kind of element selected from the group 
consisting of alkali metal, alkaline earth metal, and rare 
earth element, Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, 

45 Pt, Cu, Ag, Au, Zn, Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, 
B, F, P, S, Se, Br, Te, Ti, Nb, V, Mo, Ta and Re. In addition, 
from the viewpoint of improving the optical characteristic 
and the weather stability as the infrared-shielding mate- 
rial, the element M is more than one kind of element se- 

50 Jected from the group consisting of alkali metal, alkaline 
earth metal, transitional metal, and group 4B and group 
5B elements. 

[0048] Next, the value of z/y showing the control of an 
amount of oxygen will be explained. Preferably, the value 
55 of z/y is selected to satisfy 2. 2 < z/y < 3.0, because the 
same mechanism as the aforementioned infrared-shield- 
ing material expressed by WyOz works in the infrared- 
shielding material expressed by MxWyOz, and the free 
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electrons are supplied by adding the element M, even 
when the value of z/y is selected to be z/y = 3.0. 
[0049] Further, when the aforementioned tungsten ox- 
ide composite fine particle has a hexagonal crystal struc- 
ture, transmittance of the fine particle in the visible light 
region is improved, and the absorption in the near-infra- 
red region is improved. Then, explanation will be given 
to a structure,. with reference to Fig. 4, which is a sche- 
matic plan view of the hexagonal crystal structure. As 
shown in Fig.4, six octahedrons, each comprising a WO e 
unit (denoted by reference numeral 1), form a cluster with 
a hexagonal space (tunnel). An element M (denoted by 
reference numeral 2) is disposed in the hexagonal space 
to form a single unit. Many of these units are assembled 
into a hexagonal crystal structure. 

[0050] In order to obtain an advantage of improving 
the transmittance in the visible light region and improving 
the absorbance in the near-infrared region according to 
the present invention, preferably some of the fine parti- 
cles of the tungsten oxide composite may have a unit 
structure explained in Fig.4 (structure in which six octa- 
hedrons, each comprising a W0 6 unit, form a cluster with 
a hexagonal space, and element M is arranged in the 
space), and the tungsten oxide composite fine particle 
may be either crystalline or amorphous. 
[0051 ] When positive ion of the element M is added to 
exist in the hexagonal space, absorption in the near-in- 
frared region is improved. Generally, when the element 
M having a large ionic radius is added, the hexagonal 
crystal is formed. Specifically, more than one kind of el- 
ement selected from the group consisting of Cs, Rb, K, 
Tl, In, Ba, Li, Ca, Sr, Fe and Sn are added, and preferably 
the hexagonal crystal is ready to be formed. However, 
the elements are not limited thereto, and any other ele- 
ment may be suitable if the element M to be added is 
present in the hexagonal space formed by the WO e units. 
[0052] When the tungsten oxide composite fine parti- 
cle with a hexagonal structure has a uniform crystal struc- 
ture, it is preferable that x/y value of an amount of the 
element M to be added is not less than 0.2 and not more 
than 0.5, and further preferably is 0.33. By setting the z/y 
value and x/y value to be z/y = 3, and x/y = 0.33, the 
element M to be added is considered to be arranged in 
every hexagonal space. 

[0053] Similarly, when z/y value is expressed by z/y = 
3, each of the composite tungsten compound having a 
crystal line structure of a cubic crystal or a tetragonal crys- 
tal has an upper limit of an amount of the element M to 
be added due to the structure. (The term, "Cubic crystal 
structure" specified in this specification is used as a rep- 
resentative of tungsten bronze structures classified as a 
Cubic tungsten bronze structure type or a Perovskite 
tungsten bronze structure type in the general classifica- 
tion of the tungsten bronze structure. Also, the term, "Te- 
tragonal crystal structure" specified in this specification 
is used as a representative of the tungsten bronze struc- 
tures classified as a Tetragonal tungsten bronze struc- 
ture type in the general classification of the tungsten 



bronze structure. Further, the term, "Hexagonal crystal 
structure" specified in this specification is used as a rep- 
resentative of the tungsten bronze structures classified 
as a Hexagonal tungsten bronze structure type in the 

5 general classification of the tungsten bronze structure.) 
Therefore, the maximum addition amount of the element 
M to be added to 1 mol tungsten is 1 mol for the cubic 
crystal structure, and is about 0.5 mol for the tetragonal 
crystal structure (although the maximum addition amount 

10 is varied depending on the kind of the element M, it is 
about 0.5 mol, for industrially facilitating production of the 
composite tungsten compound) However, it is difficult to 
simply define the aforementioned structure, and a basic 
scope is given as an example in particular in the present 

is invention, and therefore the present invention is not lim- 
ited thereto. 

[0054] The aforementioned tungsten oxide composite 
fine particles are effective as the infrared-shielding ma- 
terial, even when the tungsten oxide composite fine par- 

20 tides have a tungsten bronze of cubic crystal structure 
or tetragonal crystal structure, other than the aforemen- 
tioned hexagonal crystal structure. Depending on the 
crystal structure of the tungsten oxide composite fine par- 
ticles, an absorption position in the near-infrared region 

25 is changed. Specifically, in regards to the absorption po- 
sition in the near-infrared region, the tetragonal crystal 
structure is shifted to the longer wavelength side than 
the cubic crystal structure, and the hexagonal crystal 
structure is further shifted to the longer wavelength side 

30 than the tetragonal crystal structure. Further, in associ- 
ation with the change in the absorption position, the ab- 
sorption in the visible light region is minimum in the hex- 
agonal crystal structure, followed by the tetragonal crys- 
tal structure, and the absorption becomes maximum in 

35 the cubic crystal structure among these crystal struc- 
tures. Thus, tungsten bronzes composed of hexagonal 
crystals are most suitable for applications where it is de- 
sired to transmit as much light in the visible range and 
shut as much light in the Infrared range as possible. It 

40 should be noted, however, that the described optical 
characteristics of the infrared-shielding material only re- 
flect general tendencies and actual optical characteris- 
tics of the material may vary depending on the type and 
amount of the additive element or the oxygen content in 

45 the tungsten oxide composite. Such variations are also 
within the scope of the invention. 

[0055] The infrared-shielding material according to the 
present invention, containing the tungsten oxide fine par- 
ticles and/or tungsten oxide composite fine particles 

50 largely absorbs the light in the wavelength region of 
1000nm or around in particular, and therefore in many 
cases, the transmission tone becomes blue to green. The 
particle diameter of the particles of the infrared-shielding 
material can be selected in various ways depending upon 

55 purposes of use. When the infrared-shielding material is 
applied so as to retain transparency, the particle diameter 
is preferably set to be 800nm or less. This is because in 
case of the particle diameter smaller than 800nm, the 
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light is not completely interrupted by scattering, and 
therefore good visibility in the visible light region is main- 
tained, and the transparency can be simultaneously ef- 
fectively maintained. When the transparency in the visi- 
ble region is important, it is preferable to take scattering 
by particles into consideration. 

[0056] When scattering by particles is important, par- 
ticle diameter is preferably set to be 200 nm or less, fur- 
ther preferably set to be 1 00 nm or less. The reason is 
that when the particle diameter is small, scattering of the 
light in the visible light region of the wavelength from 
400nm to 780nm is reduced by geometrical scattering 
and Mie scattering, and as a result, it is prevented that 
the infrared-shielding film becomes in the appearance of 
smoky glass, thus making it impossible to obtain a clear 
transparency. Specifically, when the particle diameter 
becomes 200nm or less, the aforementioned geometrical 
scattering or Mie scattering is reduced, to become a 
Rayleigh scattering region. In the Rayleigh scattering re- 
gion, scattered lights are reduced in inverse proportion 
to 6 times multiplication of the particle diameter, and 
therefore in association with reduction in particle diame- 
ter, scattering is reduced, and transparency is thereby 
improved. Further, when the particle diameter is 1 0Onm 
or more, preferably the scattered lights are extremely re- 
duced. From the viewpoint of preventing the scattering 
of the lights, small particle diameter is preferable. Parti- 
cles sized 1 nm or larger can be easily produced on an 
industrial scale. 

[0057] When the particle diameter is selected to be 
800nm or less, a haze value of the fine particle dispersion 
of infrared-shielding material, with the fine particles of 
infrared-shielding material dispersed in the medium, is 
85% or less in visible light transmittance, thereby sup- 
pressing the haze to be 30% or less. When the haze is 
larger than 30%, the infrared-shielding film becomes in 
the appearance of smoky glass, and therefore a clear 
transparency can not be obtained. 
[0058] It is not preferable from the viewpoint of improv- 
ing weather stability of the infrared-shielding material that 
a surface of the fine particle of the infrared-shielding ma- 
terial of the present invention is coated with an oxide 
containing more than one kind of element selected from 
Si, Ti, Zr, and Al. 

2. Production of fine particles of infrared-shielding mate- 
rial 

[0059] The tungsten oxide fine particles expressed by 
the aforementioned general formula WyOz (where W is 
tungsten, O is oxygen, satisfying 2.2< z/y < 2.999), and/or 
the fine particles of infrared-shielding material containing 
the tungsten oxide composite fine particles expressed 
by general formula MxWyOz (where M is more than one 
kind of element selected from the group consisting of H, 
He, alkali metal, alkaline earth metal, rare earth element, 
Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, 
Zn, Cd, Al, Ga, In, TI, Si, Ge, Sn, Pb, Sb, B, F, P, S, Se, 



Br, Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and I, W is 
tungsten, O is oxygen, satisfying 0.001 < x/y < 1 and 2.2 
< z/y < 3.0.) can be obtained by subjecting the tungsten 
compound as the starting material of the tungsten oxide 
5 fine particles and/or the tungsten oxide composite fine 
particles to heat treatment in an inert gas or reductive 
gas atmosphere. The tungsten oxide fine particles and 
the tungsten oxide composite fine particles obtained 
through the heat treatment have a sufficient near-infrared 

10 absorption, and have a preferable property as the fine 
particles of infrared-shielding material. 
[0060] Preferably, the tungsten compound as the start- 
ing material is more than one tungsten powder selected 
from the group consisting of tungsten trioxide powder, 

15 tungsten dioxide powder, hydrate of tungsten oxide, 
tungsten hexachloride powder, ammonium tungstate 
powder, powder of tungsten oxide hydrate obtained by 
dissolving tungsten hexachloride in an alcohol and drying 
the solution, powder of tungsten oxide hydrate obtained 

20 by dissolving tungsten hexachloride in an alcohol, adding 
water to the solution to form a precipitate, and drying the 
precipitate, powder of tungsten compound obtained by 
drying an aqueous solution of ammonium tungstate; and 
metal tungsten powder. 

25 [0061 ] When the tungsten oxide fine particles are pro- 
duced, it is further preferable to use powder of tungsten 
oxide hydrate, tungsten trioxide, or powder of tungsten 
compound obtained by drying an aq ueous solution of am- 
monium tungstate, from the viewpoint of facilitating the 

30 production step. In addition, when the tungsten oxide 
composite fine particles are produced, it is preferable to 
use an aqueous solution of ammonium tungstate or an 
aqueous solution of tungsten hexachloride from the view- 
point of permitting uniform mixture of each element. By 

35 using such starting materials, the heat treatment is ap- 
plied thereto in an inert gas atmosphere or a reductive 
gas atmosphere, to obtain the fine particles of infrared- 
shielding material containing the aforementioned tung- 
sten oxide fine particles and/or the tungsten oxide com- 

^0 posite fine particles. 

[0062] The starting material of the fine particles of in- 
frared-shielding material containing the tungsten oxide 
composite fine particles expressed by the general formu- 
la MxWyOz containing the element M is the same tung- 

45 sten compound as the starting material of the fine parti- 
cles of infrared-shielding material containing the tung- 
sten oxide fine particles expressed by the general formu- 
la WyOz. However, in the fine particles of infrared-shield- 
ing material, the tungsten compound containing the ele- 

50 ment M in the form of a single element or a compound 
thereof is selected as the starting material. In order to 
produce the tungsten compound as a starting material in 
which each component is uniformly mixed in a molecular 
level, it is preferable to mix each material with a solution, 

55 so that the tungsten compound containing the element 
M is dissolvable in a solvent such as water and an organic 
solvent. Tungstates, chlorides, nitrates, sulfates, 
oxalates, oxides, carbonates, and hydroxides containing 
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the element M are given as examples of the tungsten 
compound. However, the tungsten compound is not lim- 
ited thereto, and the tungsten compound in a state of a 
solution like liquid is preferable. 

[0063] A source material for producing the tungsten 
oxide fine particles and the tungsten oxide composite 
fine particles will be explained in detail hereunder. 
[0064] As the tungsten compound serving as a starting 
material for obtaining the tungsten oxide fine particles 
expressed by the general formula WyOz, it is possible to 
use more than one tungsten compound selected from 
the group consisting of tungsten trioxide powder; tung- 
sten dioxide powder; hydrate of tungsten oxide; tungsten 
hexachloride powder; ammonium tungstate powder; 
powder of tungsten oxide hydrate obtained by dissolving 
tungsten hexachloride in an alcohol and drying the solu- 
tion; powder of tungsten oxide hydrate obtained by dis- 
solving tungsten hexachloride in an alcohol, adding water 
to the solution, forming a precipitate, and drying the pre- 
cipitate; powder of tungsten compound obtained by dry- 
ing an aqueous solution of ammonium tungstate; and 
metal tungsten powder. From the viewpoint of facilitating 
the production step, it is more preferred to use powder 
of tungsten oxide hydrate, tungsten trioxide powder, or 
powder of tungsten compound obtained by drying an 
aqueous solution of ammonium tungstate. 
[0065] As the starting material for obtaining the tung- 
sten oxide composite fine particles expressed by the gen- 
eral formula MxWyOz containing the element M, it is pos- 
sible to use a mixed powder of a powder of more than 
one tungsten compound selected from tungsten trioxide 
powder; tungsten dioxide powder; hydrate of tungsten 
oxide; tungsten hexachloride powder; ammonium tung- 
state powder; powder of tungsten oxide hydrate obtained 
by dissolving tungsten hexachloride in an alcohol and 
drying the solution; powder of tungsten oxide hydrate ob- 
tained by dissolving tungsten hexachloride in an alcohol, 
adding water to the solution, forming a precipitate, and 
drying the precipitate; powder of tungsten compound ob- 
tained by drying an aqueous solution of ammonium tung- 
state; and metal tungsten powder, and a single powder 
or a compound thereof containing the element M. 
[0066] Further, when the tungsten compound as a 
starting material for obtaining the tungsten oxide com- 
posite fine particles is in the appearance of solution or 
dispersion solution, each element can be easily uniformly 
mixed. 

[0067] From this point of view, the starting material of 
the fine particles of the tungsten oxide composite is more 
preferably a powder obtained by mixing an alcohol solu- 
tion of tungsten hexachloride or an aqueous solution of 
ammonium tungstate with a solution of a compound con- 
taining element M, and then drying the mixture. 
[0068] Similarly, it is also preferable that the starting 
material of the fine particles of the composite tungsten 
is a powder obtained by mixing a dispersion solution ob- 
tained by dissolving tungsten hexachloride in an alcohol 
and then adding water to form a precipitate, a single pow- 



der or a compound thereof containing the element M, or 
the solution of the compound containing the element M, 
and thereafter drying the mixture. 
[0069] Examples of the compound containing element 
5 M are tungstates, chlorides, nitrates,- sulfates, oxalates, 
oxides, carbonates, and hydroxides of the element M. 
However, the compound is not limited thereto, and the 
compound that can be solution-like state may be used. 
Further, when a powder of tungsten oxide hydrate or 
10 tungsten trioxide, and a carbonate or hydroxide contain- 
ing the element M are used for industrially producing the 
tungsten oxide composite fine particles, a preferable pro- 
duction method can be obtained without generating a 
toxic gas or the like. 
15 [0070] Preferably, the starting material of fine particles 
of the tungsten oxide or the tungsten oxide composite is 
heated in an inert atmosphere at 650°C or higher tem- 
perature. The starting material thus subjected to heat 
treatment at 650°C or more has a high absorption in the 
20 near-infrared region, and has a good efficiency as the 
fine particles of infrared-shielding material. The inert gas 
such as Ar and N 2 and so forth are preferably used. As 
a condition of the heat treatment in the reductive gas 
atmosphere, preferably, the starting material is subjected 
25 to heat treatment first in the reductive gas atmosphere 
at not less than 100°C and not more than 850°C, and if 
necessary, subsequently subjected to heat treatment at 
not less than 650°C and not more than 1 200°C in the 
inert atmosphere. Preferably, the reductive gas at this 
30 time is not particularly limited, however H 2 is preferable. 
When used as the reductive gas, H 2 is preferably present 
in the reductive atmosphere at a volume ratio of 0.1% or 
more and, more preferably, 2% or more. H 2 present at a 
volume ratio of 0.1% or more is sufficient for effective 
35 reduction. 

[0071 ] The hydrogen-reduced tungsten oxide fine par- 
ticle includes a Magneli phase, exhibiting a good infrared- 
shielding characteristic, and in this state, can be used as 
the infrared-shielding fine particles. However, residual 
40 hydrogen in the tungsten oxide is unstable, and therefore 
application is possibly limited in terms of the weathersta- 
bility. Therefore, this tungsten oxide containing hydrogen 
is subjected to heat treatment at 650°C or more in the 
inert atmosphere, thus obtaining further stable fine par- 
45 tides of infrared-shielding materials. The atmosphere in 
which the heat treatment is applied at 650°C or more is 
not particularly limited. However, from the industrial, 
viewpoint, N 2 and Ar are preferable. By the heat treat- 
ment at 650°C or more, the Magneli phase can be ob- 
50 tained in the fine particles of infrared-shielding material, 
and the weather stability is improved. 
[0072] It is preferable that the surface of the fine par- 
ticles of infrared-shielding material thus obtained in the 
aforementioned step is coated with an oxide containing 
55 the metal of more than one kind of element selected from 
Si, Ti, Zr and Al, in terms of improving the weather sta- 
bility. A coating method is not particularly limited, how- 
everthe surfaces of the fine particles of infrared-shielding 
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material can be coated by adding an alkoxide of the afore- 
mentioned metal into the solution in which the fine parti- 
cles of infrared-shielding material are dispersed. 

3 Infrared-shielding dispersion material 

[0073] In one application of the fine particles of the 
infrared-shielding material of the present invention, the 
fine particles are dispersed in a proper medium and the 
resulting material is applied to the surface of a desired 
substrate. In this method, the fine particles of the infrared- 
shielding material, which is previously baked, can be dis- 
persed into or on the substrate so as to be stuck thereto 
by a binder. Therefore, this method can be applied to a 
substrate material such as a resin material having a lower 
heat-resistive temperature, and has an advantage that a 
large-scale apparatus is not required during deposition, 
and a cost can be reduced. 

[0074] The infrared-shielding material according to the 
present invention is a conductive material, and therefore 
when used as a continuous film, radio waves of a cellular 
phone or the like are absorbed, reflected, and blocked 
by such a film. However, the infrared-shielding material 
has general-purpose properties when dispersed as par- 
ticles in a matrix, because the particles are dispersed in 
an individually separated state, and transmissivity to ra- 
dio waves is thereby exhibited. 



beam-curable resin, a room temperature-curable resin 
and a thermoplastic resin, according to the purpose. Spe- 
cifically, for example, the resins include a polyvinyl chlo- 
ride resin, polyvinylidene chloride resin, polyvinyl alcohol 

5 resin, polystyrene resin, polypropylene resin, ethylene- 
vinyl acetate copolymer, polyester resin, polyethylene 
terephthalate resin, fluorine resin, polycarbonate resin, 
acrylic resin and polyvinyl butyral resins. These resins 
may be used either individually or as a mixture. A binder 

10 using a metal alkoxide may also be used. As the metal 
alkoxide, alkoxides such as Si, Ti, Al and Zr are typically 
given as examples. Among such metal alkoxides are 
alkoxides of Si, Ti, Al and Zr. The binders using such a 
metal alkoxide are subjected to hydrolysis/condensation 

*5 by, for example, heating and an oxide film is thereby 
formed. 

[0077] The shape of the substrate is not limited, and 
the substrate may be formed in a film or in a plate if de- 
sired. The substrate may be made of a transparent ma- 
20 terial, such as PET, acryl, urethane, polycarbonate, pol- 
yethylene, ethylene-vinyl acetate copolymer, vinyl chlo- 
ride and fluorine resin. The material is properly selected 
depending on the intended purposes. In addition to the 
resins, glass may also be used. 

25 

(b) Method of dispersing in the substrate as fine particles 

[0078] As anothermethodtousethe infrared-shielding 
material according to the present invention as fine parti- 
cles, the fine particles may be dispersed in the substrate. 
In order to disperse the fine particles in the substrate, the 
fine particles may be allowed to permeate from the sur- 
face of the substrate, or the substrate may be melted by 
heating above the melting point and the molten material 
is mixed with the fine particles. The resulting resin con- 
taining the fine particles is shaped into a film or a plate 
(board) and is used as the infrared-shielding material. 
[0079] For example, in a method of dispersing the fine 
particles in a PET resin, the PET resin and the fine par- 
ticles dispersion solution are mixed, and then the disper- 
sion solvent is evaporated. Thereafter, the fine particles 
can be dispersed in a PET resin as follows: A PET resin 
is first mixed with a dispersion solution of the fine parti- 
cles. The solvent is evaporated and the remaining ma- 
terial is heated to approximately 300°C, which is a melting 
point of PET resin, to melt the PET resin. By cooling the 
material, a PET resin with the fine particles dispersed in 
it can be obtained. 

[0080] The method of pulverizing and dispersing the 
particles of the infrared shielding material is not particu- 
larly limited, and for example, ultrasonic irradiation, a 
beads-mill and a sand mill or the like can be used. In 
order to obtain a uniform dispersing body, various addi- 
tives and dispersants may be added, and pH may be 
regulated. The dispersant may be selected in accordance 
with the purpose of use, and for example, a polymer- 
based dispersant, a silane coupling agent, a titanate cou- 
pling agent and an aluminum-based coupling agent are 



(a) Method of forming a thin film on a substrate surface 
by dispersing fine particles in a medium. 30 

[0075] For example, the fine particles of the infrared- 
shielding material obtained by finely granulating the in- 
frared-shielding material according to the present inven- 
tion are dispersed in a proper medium, to obtain a dis- 35 
persion solution of the fine particles of the infrared-shield- 
ing material. Alternately, the infrared-shielding material 
is mixed with the proper medium, and the mixture thus 
obtained is wet-ground, to obtain the dispersion solution 
of the fine particles of the infrared-shielding material. A *o 
resin medium is added to the dispersion solution of the 
fine particles of the infrared-shielding material thus ob- 
tained, so that the substrate surface is coated. Then, the 
solvent is evaporated, and the resin is cured by a prede- 
termined method, thus allowing a thin film to be formed 45 
thereon, with fine particles of the infrared-shielding ma- 
terial dispersed in the medium. A method of coating is 
not particularly limited thereto, and the resin containing 
the fine particles of the infrared-shielding material may 
be uniformly applied on the substrate surface. Bar coat- 50 
ing, gravure coating, spray coating and dip coating, and 
so forth are given as examples. When the fine particles 
of the infrared-shielding material are directly dispersed 
in a binder resin, the solvent is not required to be evap- 
orated after applying on the substrate surface. This is 55 
environmentally and industrially favorable. 
[0076] The medium can be selected from resins such 
as a UV-curabfe resin, a thermosetting resin, an electron 
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given as examples, although not limited thereto" 

4. Optical characteristics of the particle dispersion of the 

infrared-shielding material 

[0081] Optical characteristics of the fine particle dis- 
persion of the infrared shielding material were measured, s 
based on a film of a window glass for construction JIS A 
5759 (1998) (Light source: light A), and a visible light 
transmittance and a solar radiation transmittance were 
computed. The film samples were directly used without 
applying to the window glass. The haze value was de- 10 
termined according to JIS K 7105. The average size of 
the dispersed particles was measured by a dynamic light 
scattering spectrometer ELS-800 (Otsuka Electronics 
Co., Ltd.). 

. [0082] As an example of the results of the analysis, a 15 
transmission profile of a fine particle dispersion film of 
W 10 O 49 is shown in Fig. 1, in which the horizontal axis 
represents the wavelength of light and the vertical axis 
represents the transmittance of light (%). As can be seen 
from Fig.1, the dispersion film of W 18 0 49 according to 20 
the present invention transmits light in the visible range 
from 380 nm to 780 nm (for example, the transmittance 
to visible light with a wavelength of 500nm is 60% and 
infrared rays with the wavelength from 1 0OOnm or around 
to more than 1 0OOnm is selectively absorbed, which is 25 
the region of invisible ray (for example, the transmittance 
of the infrared ray of 1 0OOnm wavelength is 1 8%, and 
the transmittance of the infrared-ray of 1250nm wave- 
length is 15%). Thus, it was found that the aforemen- 
tioned fine particle dispersion film had an excellent infra- so 
red-shielding characteristic such that transparency was 
exhibited to the light in the visible region, and an absorp- 
tion property was exhibited to the light in the infrared re- 
gion. 

[0083] Fig. 2 shows an exemplary transmittance profile 35 
of the dispersion film containing the fine particles of tung- 
sten oxide composite (Cs 0 33 W0 3 ) composed of hexag- 
onal crystals. As can be seen from Fig. 2, in which the 
horizontal axis represents the wavelength of light and the 
vertical axis represents the transmittance of light (%), the *o 
dispersion film of Cs 033 WO 3 according to the present 
invention transmits light in the visible range from 380 nm 
to 780 nm (for example, the transmittance of the visible 
light of 500 nm wavelength is 79.5%) and preferentially 
absorbs infrared ray in the range of 1000 nm or longer 45 
wavelengths, which is an invisible heat ray (for example, 
the transmittance of infrared ray of 1 000 nm wavelength 
is 19.0% and the transmittance of Infrared ray of 1250 
nm wavelength is 12.9%). This indicates that the disper- 
sion film has superior infrared-shilding characteristics: it $° 
transmits light in the visible range and absorbs light in 
the infrared range. 

[0084] Fig. 3 shows another exemplary transmittance 
profile of the dispersion film containing the fine particles 
of tungsten oxide composite (Rb 0 33WO3) composed of 55 
hexagonal crystals. As can be seen from Fig. 3, in which 
the horizontal axis represents the wavelength of light and 
the vertical axis represents the transmittance of light (%), 



the dispersion film of Rb 0 33WO3 according to the present 
invention transmits light in the visible range from 380 nm 
to 780 nm (for example, the transmittance of the visible 
light of 500 nm wavelength is 80.0%) and preferentially 
absorbs infrared ray in the range of 1000 nm or longer 
wavelengths, which is an invisible heat ray (for example, 
the transmittance of infrared ray of 1 000 nm wavelength 
is 14.32% and the transmittance of infrared ray of 1250 
nm wavelength is 8.0%). This indicates that the disper- 
sion film has superior infrared-shielding characteristics: 
it transmits light in the visible range and absorbs light in 
the infrared range. 

[0085] The present invention will specifically explained 
with reference to examples, however the present inven- 
tion is not limited thereto. An optical measurement in the 
examples and comparative examples are conducted 
based on the film of window glass for construction JIS A 
5759 (light source : light A), and the visible light trans- 
mittance and the solar radiation transmittance were com- 
puted. Film samples were directly used without applying 
to the window glass. The haze value was determined 
according to JIS K 7105. The average size of the dis- 
persed particles was measured by a dynamic light scat- 
tering spectrometer ELS-800 (Otsuka Electronics Co., 
Ltd.). 

[0086] A PET film HPE-50 (Teijin Co., Ltd.) was used 
as the substrate in each of examples and was determined 
to have the following optical characteristics: visible light 
transmittance = 89%; solar radiation transmittance = 
89%; and haze = 0.8%. 

Example 1 

[0087] Tungsten hexachloride and copper dichloride 
were each weighed so that the molar ratio of W to Cu 
was 1 :0.2. Each compound was dissolved in small por- 
tions in ethanol to obtain a mixture solution. The mixture 
solution was dried at 130°C to obtain a starting material 
in a powder form. This starting material was heated at 
550°C in a reductive atmosphere (argon/hydrogen = 95/5 
by volume) for 1 hour, then cooled to room temperature, 
and heated at 800°C for one hour in an argon atmos- 
phere, thus producing powder of Cu 0 2 W0 2 72 . An X-ray 
diffraction crystallography performed on the resultant 
Cu 0 2 W0 2 72 revealed the presence of crystalline phase 
of W 1 8^49-The specific surface area of Cu 0 .2WO 2 72 was 
30 m 2 /g. 

[0088] 20 pts. wt. Cu 0 2 W0 2 72 powder thus formed, 
75 pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution A) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution A thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 100%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
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The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and an infrared-shielding film was 
thereby obtained. 

[0089] A measurement of optical characteristics of the 
resulting infrared-shielding film revealed that the film had 
a visible light transmittance of 61%, thus allowing the 
light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 45%, and shut about 55% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 
[0090] However, the aforementioned visible light 
transmittance and the solar radiation transmittance are 
changed in accordance with an amount of the infrared- 
shielding material dispersed per unit area. Therefore, 
both of the visible light transmittance and the solar radi- 
ation transmittance are fluctuated in association with the 
amount of the infrared-shielding material. Note that a pro- 
duction condition of the infrared-shielding material de- 
scribed in the examples, power characteristics, and an 
outline of the optical characteristics were described in a 
list shown in Fig.5. 

[0091] The same can be said for the examples as will 
be shown hereunder. 

Example 2 

[0092] Tungsten hexachloride was dissolved in small 
portions in ethanol to obtain a solution. The solution was 
dried at 1 30°C, to obtain the starting material in a powder 
state. This starting material was heated at 550°C in a 
reductive atmosphere (argon/hydrogen = 95/5 by vol- 
ume) for 1 hour, and cooled to room temperature once, 
then heated for one hour at 800°C in an argon 
atmosphere . Powder of W 18 0 49 (W0 2 72 ) was thus pro- 
duced. 

[0093] An X-ray diffraction crystallography performed 
on the resultant W0 2 72 revealed the presence of crys- 
talline phase of W 18 0 49 . The specific surface area of 
W0 2 72 was 30 m 2 /g. 

[0094] 20 pts. wt. W0 2 72 powder thus formed, 75 pts. 
wt. toluene, and 5 pts. wt. poly aery late-based dispersant 
were mixed, and subjected to dispersion processing, to 
obtain a dispersion solution (solution B) in which the av- 
erage dispersed particle diameter was 80nm. 10 pats, 
wt. solution B thus formed and 100 pats. wt. UV-curable 
hardcoat resin (solid component = 1 00%) were mixed to 
obtain the fine particle dispersion solution of the infrared- 
shielding material. Using a bar coater, this infrared- 
shielding dispersion solution was applied to a PET resin 
film (HPE-50) to deposit a film. The deposited film was 
dried at 60°C for 30 seconds to evaporate the solvent 
and was cured by a high-pressure mercury lamp, and 
the infrared-shielding film was thereby obtained. 



[0095] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 57% , thus allowing 
the light in the visible region to be sufficiently transmitted. 

5 Further, it was found that the film had a solar radiation 
transmittance of 42%, and shut about 58% of direct inci- 
dent light of the solar ray, thus exhibiting excellent heat 
insulating effect. Further, the haze was 0.9%, thereby 
exhibiting high transparency, and an internal state could 

io be clearly confirmed from an external part. Clear blue 
was obtained as a transmitting color tone. 

Example 3 

15 [0096] Tungsten hexachloride and copper dichloride 
were each weighed so that the molar ratio of W to Cu 
was 1 :0.2. Each compound was dissolved in small por- 
tions in ethanol to obtain a mixture solution. The mixture 
solution was dried at 350°C in the atmosphere to obtain 

20 the starting material in a powder state. This starting ma- 
terial was heated at 980°C in an argon atmosphere for 
15 hours to produce the powder of Cu 0 2 WO 2 7 2 - The 
specific surface area of Cu 0 2 WO 2 72 powder was 31 
m 2 /g. 

25 [0097] 20 pts. wt. Cu 0 2 W0 2 72 powder thus obtained, 
75 pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution C) 
in which the average dispersed particle diameter was 

30 80nm. 1 0 pats. wt. solution C thus obtained and 1 00 pts. 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a bar coater, this 
infrared-shielding dispersion solution was applied to a 

35 PET resin film (HPE-50), and a film is thus formed. The 
film thus formed was dried at 60°C for 30 seconds to 
evaporate the solvent and was cured by a high -pressure 
mercury lamp, and an infrared-shielding film was thereby 
obtained. 

40 [0098] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 58%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Further, it was found that the film had a solar radiation 

45 transmittance of 43%, and shut about 57% of direct inci- 
dent light of the solar ray, thus exhibiting excellent heat 
insulating effect. Further, the haze was 0.9%, thereby 
exhibiting high transparency, and an internal state could 
be clearly confirmed from an external part. Clear blue 

50 was obtained as a transmitting color tone. 

Example 4 

[0099] Tungsten hexachloride and aluminum nitrate 
55 were each weighed so that the molar ratio of W to Al was 
1:0.1. Each compound was dissolved in small portions 
in ethanol to obtain a mixture. The mixture was dried at 
1 30°C, to obtain the starting material in a powdery state. 
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This starting material was heated at 550°C in a reductive 
atmosphere (argon/hydrogen = 95/5 by volume) for 1 
hour, then cooled to room temperature, and heated at 
800°C for one hour in an argon atmosphere, thus pro- 
ducing powder of Al 0 W0 2 72 . An X-ray diffraction crys- 
tallography performed on the resultant Al 0 <|W0 2 72 re- 
vealed the presence of crystalline phase of W 1Q 0 49 . The 
specific surface area of Al 0 1 W0 2 7 2 was 28 m 2 /g. 
[01 00] 20 pts. wt. Al 0 -J W0 2 72 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylata-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution D) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution D thus formed and 100 pats, 
wt. UV-curable hardcoat resin (solid component = 100%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0101] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 61%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 45%, and shut about 55% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue is ob- 
tained as a transmitting color tone. 

Example 5 

[01 02] Tungsten hexachloride and manganese nitrate 
were each weighed so that the molar ratio of W to Mn 
was 1:0.1. Each compound was dissolved in small por- 
tions in ethanol to obtain a mixture solution. The mixture 
solution was dried at 1 30°C to obtain the starting material 
in a powder state. This material was heated at 550°C in 
a reductive atmosphere (argon/hydrogen = 95/5 by vol- 
ume) for 1 hour, and cooled to room temperature once, 
then heated for one hour at 800°C in an argon atmos- 
phere. Powder of Mn 0>1 WO 2 . 72 was thus produced. An 
X-ray diffraction crystallography performed on the result- 
ant Mn 0 .iW0 272 revealed the presence of crystalline 
phase of W 18 0 49 , and the specific surface area of this 
powder was 30 m 2 /g. 

[0103] 20 pts. wt. Mn 0 1 W0 2 72 powder thus formed, 
75 pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution E) 
in which the average dispersed particle diameter was 
80nm. 10 pats. wt. solution E thus formed and 100 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 



were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50) to deposit a film. The deposited 

5 film was dried at 60°C for 30 seconds to evaporate the 
solvent and was cured by a high-pressure mercury lamp, 
and an infrared-shielding film was thereby obtained. 
[0104] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 

io had a visible light transmittance of 60%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Further, it was found that the film had a solar radiation 
transmittance of 49%, and shut about 51 % of direct inci- 
dent light of the solar ray, thus exhibiting excellent heat 

15 insulating effect. Further, the haze was 0.9%, thereby 
exhibiting high transparency, and an internal state could 
be clearly confirmed from an external part. Clear blue 
was obtained as a transmitting color tone. 

20 Example 6 

[0105] By selecting a tungsten trioxide powder as the 
starting material, the starting material was heated at 
550°C in a reductive atmosphere (argon/hydrogen = 95/5 

25 by volume) for 1 hour, then cooled to room temperature, 
and heated at 800°C for one hour in an argon atmos- 
phere, thus producing powder of W0 2 72 An X-ray dif- 
fraction crystallography performed on the resultant 
W0 272 revealed the presence of crystalline phase of 

30 W 18 6 49 . The specific surface area of this powder was 
35 m 2 /g. 

[01 06] 20 pts. wt. W0 2 72 powder thus formed, 75 pts. 
wt. toluene, and 5 pts. wt. polyacrylate-based dispersant 
were mixed, and subjected to dispersion processing, to 

35 obtain a dispersion solution (solution F) in which the av- 
erage dispersed particle diameter was 80nm. 10 pats, 
wt. solution F thus formed and 100 pats. wt. UV-curable 
hardcoat resin (solid component = 100%) were mixed to 
obtain the fine particle dispersion solution of the infrared- 

40 shielding material. Using a bar coater, this infrared- 
shielding dispersion solution was applied to a PET resin 
film (HPE-50) to deposit a film. The deposited film was 
dried at 60°C for 30 seconds to evaporate the solvent 
and was cured by a high-pressure mercury lamp, and an 

45 infrared-shielding film was thereby obtained. 

[0107] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 65%, thus allowing 
the light in the visible region to be sufficiently transmitted. 

50 Further, it was found that the film had a solar radiation 
transmittance of 50%, and shut about 50% of direct inci- 
dent light of the solar ray, thus exhibiting excellent heat 
insulating effect. Further, the haze was 0.9%, thereby 
exhibiting high transparency, and an internal state could 

55 be clearly confirmed from an external part. Clear blue 
was obtained as a transmitting color tone. 
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Example 7 

[0108] Tungsten hexachloride and indium nitrate were 
each weighed so that the molar ratio of W to In was 1 : 
0.3. Each compound was dissolved in small portions in 
ethanol to obtain a mixture. The mixture was dried at 
130°C to obtain the starting material in a powder state. 
This material was heated at 500°C in a reductive atmos- 
phere (argon/hydrogen = 95/5 by volume) for 1 hour, and 
cooled to room temperature, and heated at 800°C for one 
hour in an argon atmosphere, thus producing powder of 
ln 0 3 W0 3 . An X-ray diffraction crystallography performed 
on the resultant ln 0 3 W0 3 the presence of a crystal phase 
of hexagonal tungsten bronze (fine particles of a tungsten 
oxide composite). The specific surface area of this pow- 
der was 30 m 2 /g. 

[0109] 20 pts. wt. In 0 3WO3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution H) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution H thus formed and 100 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0110] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 65%, thus allowing 
the light i n the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 44%, and shut about 56% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

Example 8 

[0111] 20 pts. wt. W0 2 72 powder thus formed, 75 pts. 
wt. toluene, and 5 pts. wt. polyacrylate-based dispersant 
were mixed, and subjected to dispersion processing, to 
obtain a dispersion solution (solution I) having an aver- 
age dispersed particle diameter of 80nm. Using a vacu- 
um drier at 50°C, the solvent was removed from the so- 
lution I to obtain a powder (powder I ). 0.01 kg of the pow- 
der I and 8.7kg of PET resin were dry-blended in a V- 
blender. The mixture was thoroughly mixed at a temper- 
ature near the melting point of the resin in an airtight 
condition and was melt-extruded into a 50 |xm thick in- 
frared-shielding film. 

[0112] The measurement of optical characteristics of 



the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 58%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found thatthe film had a solar radiation trans- 

5 mittance of 42%, and shut about 58% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.7%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 

10 obtained as a transmitting color tone. 

Example 9 

[0113] Tungsten hexachloride was dissolved in small 
15 portions in ethanol to obtain a solution. The solution was 
dried at 1 30°C to obtain the starting material in a powder 
state. This material was heated at 350°C in a reductive 
atmosphere (argon/hydrogen = 95/5 by volume) for 1 
hour, then cooled to room temperature, and heated at 
20 800°C for one hour in an argon atmosphere, thus pro- 
ducing a mixed powder of W0 2 83 and W0 2 92 . An X-ray 
diffraction crystallography performed on the resultant 
W0 2 83 and W0 2 92 revealed the presence of crystalline 
phase of W 24 0 68 and W 25 0 73 . The specific surface area 
25 of W 24 0 68 and W 25 O r3 was 30 m 2 /g. 

[0114] 20 pts. wt. W0 2 83 and W0 2 92 mixed powder 
thus formed, 75 pts. wt. toluene, and 5 pts. wt. polyacr- 
ylate- based dispersant were mixed, and subjected to 
dispersion processing, to obtain a dispersion solution 
30 (solution J) in which the average dispersed particle di- 
ameter was 80nm. 10 pats. wt. solution J thus formed 
and 100 pats. wt. UV-curable hardcoat resin (solid com- 
ponent = 100%) were mixed to obtain the fine particle 
dispersion solution of the infrared-shielding material. Us- 
35 ing a bar coater, this infrared-shielding dispersion solu- 
tion was applied to a PET resin film (HPE-50), and a film 
was thereby formed. The film thus formed was dried at 
60°C for 30 seconds to evaporate the solvent and was 
cured by a high-pressure mercury lamp, and the infrared- 
40 shielding film was thereby obtained. 

[0115] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 61%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
45 Also, it was found thatthe film had a solar radiation trans- 
mittance of 42%, and shut about 58% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
50 clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 



Example 10 

55 [0116] Tungsten hexachloride was dissolved in small 
portions in ethanol to obtain a solution. The solution was 
dried at 130°C to obtain the starting material in a powder 
state. This material was heated at 800°C in an argon 
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atmosphere for 1 hour to produce a powder mixture of 
W0 2 8 3 and W0 2 92 . An X-ray diffraction crystallography 
performed on the resultant mixture of W0 2 83 and W0 2 92 
revealed the presence of crystalline phase of W 24 0 68 
and W 25 0 73 . The specific surface area of the mixture of 5 
W0 2 83 and W0 2 92 was 30 m 2 /g. 
[0117] 20 pts. wt. W0 2 83 and W0 2 92 mixed powder 
thus formed, 75 pts. wt. toluene, and 5 pts. wt. polyacr- 
ylate-based dispersant were mixed, and subjected to dis- 
persion processing, to obtain a dispersion solution (so- 10 
lution K) in which the average dispersed particle diameter 
was 80nm. 10 pats. wt. solution K thus formed and 100 
pats. wt. UV-curable hardcoat resin (solid component = 
100%) were mixed to obtain the fine particle dispersion 
solution of the infrared-shielding material. Using a bar 15 
coater, this infrared-shielding dispersion solution was ap- 
plied to a PET resin film (HPE-50), and a film was thereby 
formed. The film thus formed was dried at 60°C for 30 
seconds to evaporate the solvent and was cured by a 
high-pressure mercury lamp, and the infrared-shielding 20 
film was thereby obtained. 

[0118] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 67%, thus allowing 
the light in the visible region to be sufficiently transmitted. 25 
Also, it was found that the film had a solar radiation trans- 
mittance of 49%, and shut about 51% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 30 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

Example 1 1 

35 

[01 1 9] Tungsten hexachloride and barium perchlorate 
tri hydrate were each weighed so that the molar ratio of 
W to Ba was 1 :0.21 . Each compound was individually 
dissolved in small portions in ethanol and the two solu- 
tions were mixed with each other to obtain a mixture. The *o 
mixture was dried at 1 30°C to obtain the starting material 
in a powder state. This material was heated at 550°C in 
a reductive atmosphere (argon/hydrogen = 95/5 by vol- 
ume) for 1 hour, cooled to room temperature, and heated 
at 800°C for one hour in an argon atmosphere, thus pro- 45 
ducing powder of Ba 0 21 WO 3 . The specific surface area 
of the Ba 0 21 W0 3 was 30 m 2 /g. 

[0120] 20 pts. wt. Bao 21 W0 3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. poly aery late-based dis- 
persant were mixed, and subjected to dispersion so 
processing, to obtain a dispersion solution (solution L) in 
which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution L thus formed and 100 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 55 
of the infrared-shielding material. Using a bar coater , 
this infrared-shielding dispersion solution was applied to 
a PET resin film (HPE-50), and a film was the re by formed. 
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The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0121] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 59%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found thatthe film had a solar radiation trans- 
mittance of 35%, and shut about 65% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

Example 12 

[0122] An aqueous solution of ammonium metatung- 
state (50 wt% in terms of W0 3 ) and an aqueous solution 
of cesium chloride were each weighed so that the molar 
ratio of Wto Cs was 1 :0.33. The two solutions were mixed 
with each other to obtain a mixture solution. The mixture 
solution was dried at 1 30°C to obtain the starting material 
in a powder state. This material was heated at 550°C in 
a reductive atmosphere (argon/hydrogen = 95/5 by vol- 
ume) for 1 hour, then cooled to room temperature, and 
heated at 800°C for one hour in an argon atmosphere, 
thus producing powder of Cs 0 33 W0 3 . The specific sur- 
face area of this powder was 20 m 2 /g. An X-ray diffraction 
crystallography revealed the presence of a crystal phase 
of hexagonal tungsten bronze (fine particles of atungsten 
oxide composite). 

[0123] 20 pts. wt. Cs 0 33WO3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution M) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution M thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material . Using a bar coater, 
this infrared-shielding dispersion solution was applied to 
a PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0124] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 72%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found thatthe film had a solar radiation trans- 
mittance of 39%, and shut about 61% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
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obtained as a transmitting color tone. 
Example 13 

[0125] An aqueous solution of ammonium meta tung- 
state (50 wt% in terms of W0 3 ) and an aqueous solution 
of thalium formate were each weighed so that the molar 
ratio of W to Tl was 1 :0.33. The two solutions were mixed 
with each other to obtain a mixture solution. The mixture 
solution was dried at 1 30°C to obtain the starting material 
in a powder state. This material was heated at 550°C in 
a reductive atmosphere (argon/hydrogen = 95/5 by vol- 
ume) for 1 hour, then cooled to room temperature, and 
heated at 800°C for one hour in an argon atmosphere, 
thus producing powder of Tl 0 33 W0 3 . The specific sur- 
face area of this powder was 20 m 2 /g. An X-ray diffraction 
crystallography revealed the presence of a crystal phase 
of hexagonal tungsten bronze (f ine particles of a tungsten 
oxide composite). 

[0126] 20 pts. wt. Tl 0 33WO3 powder thus formed, 75 
pts . wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution N) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution N thus formed and 100 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0127] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 71%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 42%, and shut about 58% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

Example 14 

[0128] An aqueous solution of ammonium meta tung- 
state (50wt% in terms of W0 3 ) and an aqueous solution 
of rubidium chloride were each weighed so that the molar 
ratio of W to Rb was 1 :0.33. The two solutions were mixed 
with each other to obtain a mixture solution. The mixture 
solution was dried at 1 30°C to obtain the starting material 
in a powder state. This material was heated at 550°C in 
a reductive atmosphere (argon/hydrogen = 95/5 by vol- 
ume) for 1 hour, then cooled to room temperature, and 
heated at 800°C for one hour in an argon atmosphere, 



thus producing powder of Rb 0 33 W0 3 . The specific sur- 
face area of this powder was 20 m 2 /g. An X-ray diffraction 
crystallography revealed the presence of a crystal phase 
of hexagonal tungsten bronze (fine particles of atungsten 
5 oxide composite). 

[0129] 20 pts. wt. Rb 0 33 W0 3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt, polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution O) 

10 in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution O thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 100%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 

15 infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 

20 thereby obtained. 

[0130] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 76%, thus allowing 
the light in the visible region to be sufficiently transmitted. 

25 Also, it was found that the film had a solar radiation trans- 
mittance of 47%, and shut about 53% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 

30 clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

Example 15 

35 [0131] An aqueous solution of ammonium meta tung- 
state (50 wt% in terms of W0 3 ) and an aqueous solution 
of potassium chloride were each weighed so that the mo- 
lar ratio of W to K was 1:0.33. The two solutions were 
mixed with each other to obtain a mixture solution. The 

40 mixture solution was dried at 1 30°C to obtain the starting 
material in a powder state. This material was heated at 
550°C in a reductive atmosphere (argon/hydrogen = 95/5 
by volume) for 1 hour, then cooled to room temperature, 
and heated at 800°C for one hour in an argon atmos- 

45 phere, thus producing powder of K 0 33 WO 3 . The specific 
surface area of this powder was 20 m 2 /g. An X-ray dif- 
fraction crystallography revealed the presence of a crys- 
tal phase of hexagonal tungsten bronze (fine particles of 
a tungsten oxide composite). 

50 [0132] 20 pts. wt. K 0 33WO3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution P) 
in which the average dispersed particle diameter was 

55 80nm. 1 0 pats. wt. solution P thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 100%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
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infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0133] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 68%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 43%, and shut about 57% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

Example 1 6 

[0134] An aqueous solution of ammonium meta tung- 
state (50 wt% in terms of W0 3 ) and an aqueous solution 
of barium hydroxide octahydrate were each weighed so 
that the molar ratio of W to Ba was 1 :0.33. The two so- 
lutions were mixed with each other to obtain a mixture 
solution. The mixture solution was dried at 130°C to ob- 
tain the starting material in a powder state. This material 
was heated at 450°C in a reductive atmosphere (argon/ 
hydrogen = 95/5 by volume) for 1 hour, then cooled to 
room temperature, and heated at 800°C for one hour in 
an argon atmosphere, thus producing powder of 
Ba 033 WO 3 . The specific surface area of this powder was 
20 m 2 /g. An X-ray diffraction crystallography revealed 
the presence of a crystal phase of hexagonal tungsten 
bronze (fine particles of a tungsten oxide composite). 
[01 35] 20 pts. wt. BaQ 33 W0 3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution Q) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats, wt. solution Q thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 100%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the Infrared-shielding film was 
thereby obtained. 

[0136] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 75%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 54%, and shut about 46% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
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iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 

5 Example 17 

[0137] A powder of a tungsten oxide hydrate repre- 
sented by W0 3 -H 2 0 and a powder of cesium carbonate 
were each weighed so that the molar ratio of W to Cs is 
10 1 :0.33. The two powders were mixed together to obtain 
a powder mixture to obtain the starting material in a pow- 
der state. This material was heated at 600°C in a reduc- 
tive atmosphere (argon/hydrogen = 97/3 by volume) for 
1 hour, then cooled to room temperature, and heated at 
15 800°C for one hour in an argon atmosphere, thus pro- 
ducing powder of Cs 0 33 W0 3 . The specific surface area 
of this powder was 20 m 2 /g. An X-ray diffraction crystal- 
lography revealed the presence of a crystal phase of hex- 
agonal tungsten bronze (fine particles of a tungsten oxide 
20 composite). 

[0138] 20 pts. wt. Cs 0 33 W0 3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution R) 
25 in which the average dispersed particle diameter was 
BOnm. 1 0 pats. wt. solution R thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
30 infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0139] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 70%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 36%, and shut about 64% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an externa! part. Clear blue was 
obtained as a transmitting color tone. 

Example 18 

[0140] A powder of a tungsten oxide hydrate repre- 
sented by W0 3 »H 2 0 and a powder of potassium carbon- 
ate were each weighed so that the molar ratio of W to K 
is 1 :0.55. The two powders were mixed together to obtain 
a powder mixture to obtain the starting material in a pow- 
der state. This material was heated at 600°C in a reduc- 
tive atmosphere (argon/hydrogen = 97/3 by volume) for 
1 hour, then cooled to room temperature, and heated at 
800°C for one hour in an argon atmosphere, thus pro- 
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ducing powder of K 055 WO 3 . The specific surface area 
of this powder was 30 m 2 /g. An X-ray diffraction crystal- 
lography revealed a crystal phase of tetragonal tungsten 
bronze (fine particles of a tungsten oxide composite). 
[0141] 20 pts. wt. K 0 55 WO 3 powder thus formed, 75 5 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution S) 
in which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution S thus formed and 1 00 pats. 10 
wt. UV-curable hardcoat resin (solid component = 100%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 15 
The film thus formed was dried at 60°C for 30 seconds 
to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0142] The measurement of optical characteristics of 20 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 69%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 40%, and shut about 60% of direct incident 25 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. 30 

Example 19 

[0143] A powder of a tungsten oxide hydrate repre- 
sented by WP 3 »H 2 0 and a powder of sodium carbonate 35 
were each weighed so that the molar ratio of W to Na 
was 1:0.50. The two powders were mixed together to 
obtain a powder mixture solution to serve as the starting 
material. This material was heated at 600°C i n a reductive 
atmosphere (argon/hydrogen = 97/3 by volume) for 1 40 
hour, then cooled to room temperature, and heated at 
800°C for one hour in an argon atmosphere, thus pro- 
ducing powder of Na 0 5 WO 3 . The specific surface area 
of this powder was 20 m 2 /g. An X-ray diffraction crystal- 
lography revealed a crystal phase of cubic tungsten 45 
bronze (fine particles of a tungsten oxide composite). 
[0144] 20 pts. wt. Na 05 WO 3 powder thus formed, 75 
pts. wt. toluene, and 5 pts. wt. polyacrylate-based dis- 
persant were mixed, and subjected to dispersion 
processing, to obtain a dispersion solution (solution T) in 50 
which the average dispersed particle diameter was 
80nm. 1 0 pats. wt. solution T thus formed and 1 00 pats, 
wt. UV-curable hardcoat resin (solid component = 1 00%) 
were mixed to obtain the fine particle dispersion solution 
of the infrared-shielding material. Using a barcoater, this 55 
infrared-shielding dispersion solution was applied to a 
PET resin film (HPE-50), and a film was thereby formed. 
The film thus formed was dried at 60°C for 30 seconds 



to evaporate the solvent and was cured by a high-pres- 
sure mercury lamp, and the infrared-shielding film was 
thereby obtained. 

[0145] The measurement of optical characteristics of 
the resulting infrared-shielding film revealed that the film 
had a visible light transmittance of 75%, thus allowing 
the light in the visible region to be sufficiently transmitted. 
Also, it was found that the film had a solar radiation trans- 
mittance of 53%, and shut about 47% of direct incident 
light of the solar ray, thus exhibiting excellent heat insu- 
lating effect. Further, the haze was 0.9%, thereby exhib- 
iting high transparency, and an internal state could be 
clearly confirmed from an external part. Clear blue was 
obtained as a transmitting color tone. (Comparative Ex- 
ample 1) 

[0146] The optical characteristic of the PET resin film 
(HPE-50) itself, which was used as a substrate in the 
example 1 to 10, was measured. It was found that the 
film had a visible light transmittance of 88%, thus allowing 
the light in the visible region to be sufficiently transmitted, 
however the film had a solar radiation transmittance of 
88%, and shut only about 12% of direct incident light of 
the solar ray, thus exhibiting low insulating effect. 

(Reference Example 1) 

[0147] A dispersion film was fabricated in the same 
manner as in Example 2, except that a powder of W0 3 
(tungsten trioxide) was used in place of the W 18 0 49 pow- 
der. The measurement of optical characteristics of the 
dispersion film revealed that the film had a visible light 
transmittance of 83.44%, a solar radiation transmittance 
of 81.76%, and shut approximately 17.24% of the inci- 
dent sunlight. 

INDUSTRIAL APPLICABILITY 

[0148] The present invention is suitably used forgiving 
infrared-shielding effects to a window material and elec- 
tronic equipment used in the fields of construction and 
transportation equipment, and so forth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0149] 

Fig. 1 shows an example of a measurement result of 
a transmission profile of a fine particle dispersion film 
of W 18 0 49 according to the present invention. 
Fig.2 shows an example of a measurement result of 
a transmission profile of a dispersion film of tungsten 
oxide composite of the present invention, comprising 
fine particles of Cs 0 33 W0 3 with a hexagonal crystal 
structure. 

Fig. 3 shows an example of a measurement result of 
a transmission profile of a dispersion film of tungsten 
oxide composite of the present invention, comprising 
fine particles of Rb 0 33 W0 3 with a hexagonal crystal 
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structure. 

Fig. 4 is a schematic diagram of a crystal structure 
of tungsten oxide composite with a hexagonal crystal 
system. 

Fig. 5 is a list of production conditions, powder char- 
acteristics, and optical characteristics of an infrared- 
shielding material according to examples of the 
present invention. 

Description of signs and numerals 

[0150] 

1 WO e UNIT 

2 ELEMENT M 

3 HEXAGONAL CRYSTAL STRUCTURE 



Claims 

1 . Fine particle dispersion of infrared-shielding materi- 
al, which is formed by dispersing fine particles of an 
infrared-shielding material in a medium, 

the fine particles of the infrared-shielding material 
comprising: 

tungsten oxide fine particles and/or tungsten ox- 
ide composite fine particles, 
wherein a particle diameter of the infrared- 
shielding material is not less than 1nm and not 
more than 800nm. 

2. The fine particle dispersion of infrared-shielding ma- 
terial according to claim 1 , wherein the tungsten ox- 
ide fine particles are fine particles of the tungsten 
oxide expressed by a general formula, WyOz (where 
W is tungsten, O is oxygen, satisfying 2.2 < z/y < 
2.999). 

3. The fi ne particle dispersion of infrared-shielding ma- 
terial according to claim 1 , wherein the tungsten ox- 
ide composite fine particles are particles of tungsten 
oxide composite expressed by a general formula: 
MxWyOz (where M is more than one kind of element 
selected from the group consisting of H, He, alkali 
metal, alkaline earth metal, rare earth element, Mg, 
Zr, Cr, Mn, Fe, Ru, Co, Rh, ir, Ni, Pd, Pt, Cu, Ag, Au, 
Zn, Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, 
Se, Br, Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and 
I, W is tungsten, and O is oxygen, satisfying 0.001 
< x/y < 1 , and 2.2 < z/y < 3.0.). 

4. The fine particle dispersion of infrared-shielding ma- 
terial according to any one of claim 1 to claim 3, 
wherein tungsten oxide fine particles and/orthe tung- 
sten oxide composite fine particles comprise a Mag- 
neli phase expressed by the general formula: WyOz 
(where W is tungsten, O is oxygen, satisfying 2.45 



< z/y < 2.999). 

5. The fine particle dispersion of infrared-shielding ma- 
terial according to claim 3, wherein the tungsten ox- 
5 ide composite fine particles expressed by the gen- 

eral formula MxWyOz comprise at least one kind of 
fine particle having hexagonal, tetragonal, cubic 
crystal or amorphous structure. 

10 6. The fine particle dispersion of infrared-shielding ma- 
terial according to claim 3, wherein some of the tung- 
sten oxide composite fine particles expressed by the 
general formula MxWyOz or all of them have a hex- 
agonal crystal structure. 

15 

7. The fine particle dispersion of infrared-shielding ma- 
terial according to either of claim 5 orclaim 6, wherein 
the element M is more than one kind of element se- 
lected from the group consisting of Cs, Rb, K, Tl, In, 

20 Ba, Li, Ca, Sr, Fe and Sn. 

8. The fine particle dispersion of infrared-shielding ma- 
terial according to any one of claim 1 to claim '7, 
wherein the fine particles of infrared-shielding mate- 

25 rial are coated with oxide containing more than one 
kind of element selected from the group consisting 
of Si, Ti, Zrand Al. 

9. The fine particle dispersion of infrared-shielding ma- 
30 terial according to any one of claim 1 to claim 8, 

wherein the medium is resin or glass. 

10. The fine particle dispersion of infrared-shielding ma- 
terial according to claim 9, wherein the resin is more 

35 than one kind of element selected from the group 
consisting of polyethylene resin, polyvinyl chloride 
resin, polyvinylidene chloride resin, polyvinyl alcohol 
resin, polystyrene resin, polypropylene resin, ethyl- 
ene-vinyl acetate copolymer, polyester resin, poly- 

40 ethylene terephthalate resin, fluorine resin, polycar- 

bonate resin, acrylic resin and polyvinyl butyral resin. 

1 1 . An infrared-shielding body, wherein the fine particle 
dispersion of infrared-shielding material according 

45 to any one of claim 1 to claim 1 0 is formed in a plate 

shape, in a film shape, and in a thin film shape. 

12. A production method of fine particles of infrared- 
shielding material, containing tungsten oxide fine 

so particles expressed by a general formula: WyOz 
(where W is tungsten, O is oxygen, satisfying 2.2 < 
z/y < 2.999) and/or a tungsten oxide composite fine 
particles expressed by the general formula: Mx- 
WyOz (where M is at least one kind of element se- 

55 lected from the group consisting of H, He, alkali met- 
al, alkaline earth metal, rare earth element, Mg, Zr, 
Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, 
Zn, Cd, Al, Ga, In, Tl, Si, Ge, Sn, Pb, Sb, B, F, P, S, 
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Se, Br, Te, Ti, Nb, V, Mo, Ta, Re, Be, Hf, Os, Bi and 
I; W is tungsten; O is oxygen; satisfying 0.001 < x/y 
< 1 , and 2.2 < z/y < 3.O.), the method comprising the 
step of: 

heating a starting material of the fine particles 
of infrared-shielding material in a reductive gas 
and/or inert gas atmosphere. 

13. The production method of the fine particles of infra- 
red-shielding material according to claim 1 2, wherein 
the starting material of the fine particles of infrared- 
shielding material is heated at 100°C to 850°C in a 
reductive gas atmosphere and subsequently heated 
at 650°C to 1 200°C in an inert gas atmosphere. 

14. The production method of the fine particles of infra- 
red-shielding material according to either of claim 12 
or claim 13, wherein the starting material of the tung- 
sten oxide fine particles expressed by the general 
formula WyOz is more than one kind of powder se- 
lected from the group consisting of: 

a tungsten trioxide powder; 

a tungsten dioxide powder; 

a powder of tungsten oxide hydrate; 

a tungsten hexachloride powder; 

an ammonium tungstate powder; 

a powder of tungsten oxide hydrate obtained by 

dissolving tungsten hexachloride in an alcohol, 

and then drying the solution; 

a powder of tungsten oxide hydrate obtained by 

dissolving tungsten hexachloride in an alcohol, 

adding waterto the solution to form a precipitate, 

and drying the precipitate; 

a powder of tungsten compound obtained by 
drying an aqueous solution of ammonium tung- 
state; and 

a metal tungsten powder. 

15. The production method of the fine particles of infra- 
red-shielding material according to either of claim 12 
or claim 13, wherein the starting material of the fine 
particles of the tungsten oxide composite expressed 
by the general formula, MxWyOz, is a powder ob- 
tained by mixing a powder of the element M or a 
compound containing the element M with more than 
one kind of powder selected from the group consist- 
ing of: 

a tungsten trioxide powder; 

a tungsten dioxide powder; 

a powder of tungsten oxide hydrate; 

a tungsten hexachloride powder; 

an ammonium tungstate powder; 

a powder of tungsten oxide hydrate obtained by 

dissolving tungsten hexachloride in an alcohol 

and then drying the solution; 



a powder of tungsten oxide hydrate obtained by 
dissolving tungsten hexachloride in an alcohol, 
adding waterto the solution to form a precipitate, 
and drying the precipitate; 
5 a powder of tungsten compound obtained by 

drying an aqueous solution of ammonium tung- 
state; and 

a metal tungsten powder. 

10 16. The production method of the fine particles of infra- 
red-shielding material according to either of claim 12 
or claim 1 3, wherein the starting material of the fine 
particles of the tungsten oxide composite expressed 
by the general formula MxWyOz is a powder ob- 

15 tained by mixing an alcohol solution of tungsten hex- 

achloride oranaqueoussolution of ammonium tung- 
state with a solution of a compound containing the 
element M, and drying the mixture. 

20 17. The production method of the fine particles of infra- 
red-shielding material according to either of claim 1 2 
or claim 1 3, wherein the starting material of the fine 
particles of tungsten oxide composite expressed by 
the general formula MxWyOz is a powder obtained 

25 by: 

mixing a powder of either the element M or a 
compound containing the element M, or a solu- 
tion of a compound containing the element M, 
30 with a dispersion solution, the dispersion solu- 

tion obtained by dissolving tungsten hexachlo- 
ride in an alcohol and adding water to the solu- 
tion to form a precipitate; and 
drying the mixture. 
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1 8. Fine particles of infrared-shielding material, compris- 
ing tungsten oxide fine particles expressed by a gen- 
eral formula WyOz (where W is tungsten, O is oxy- 
gen, satisfying 2.2<z/y<2.999) obtained by the pro- 
duction method of the fine particles of infrared- 
shielding material according to any one of claim 12 
to claim 1 7, and/or tungsten oxide composite fine 
particles expressed by the general formula MxWyOz 
obtained by the production method according to any 
one of claim 12 to claim 17 (where M is more than 
one kind of element selected from the group consist- 
ing of H, He, alkali metal, alkaline earth metal, rare 
earth element, Mg, Zr, Cr, Mn, Fe, Ru, Co, Rh, Ir, Ni, 
Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga, In, T1, Si, Ge, 
Sn, Pb, Sb, B, F, P, S, Se, Br, Te, Ti, Nb, V, Mo, Ta, 
Re, Be, Hf , Os, Bi and I, W is tungsten, and O is 
oxygen, satisfying 0.001 < x/y < 1, and 2.2 < z/y < 
3.O.). 
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